, which shows biological activities as an antioxidant and immune enhancement, reproduction, growth, maturation, and photoprotection 4) . The spiny lobster Panulirus japonicus (Crustacean, Palinuridae) is one of the most important edible lobsters in Japan and has a bright red carapace. In 1973, Matsuno et al. reported that astaxanthin was the major carotenoid in the carapace of P. japonicus along with a series of ketocarotenoids, adonixanthin (4-ketozeaxanthin), adonirubin (phoneicoxanthin), canthaxanthin, and echinenone present in free and esterified forms 5) . However, the structure of the fatty acid esters of carotenoids in P. japonicus remained unclear. In the course of the study of carotenoids in marine animals, fatty acid esters of carotenoids in P. japonicus were investigated using 1 H-NMR and FAB-MS. The object of the present study was the characterization of carotenoids and carotenoid esters including a configurational analysis in P. japonicus.
EXPERIMENTAL

1
The UV-Visible (UV-VIS) spectra were recorded with a Shimadzu UV-240 spectrophotometer in diethyl ether (Et 2 O). The positive ion FAB-MS spectra were recorded using a JEOL JMS-HX 110A mass spectrometer with mnitrobenzyl alcohol as a matrix. The 1 H-NMR (500 MHz) spectra were measured with a Varian UNITY INOVA 500 spectrometer in CDCl 3 with TMS as an internal standard. The CD spectra were recorded in Et 2 O at room temperature with a Jasco J-500C spectropolarimeter. Preparative HPLC was performed on a Shimadzu LC-6AD with a Shimadzu SPD-6AV spectrophotometer set at 450 nm. The column used was a 250 10 mm i.d., 10 mm LiChrospher RP-18 (e) (Cica-Merck, Darmstadt, Germany) and 300 8 mm i.d., 5mm Sumichiral OA-2000 (Sumitomo Chemicals, Osaka, Japan). Preparative gel permeation chromatography (GPC) was performed on a LC-908 HPLC system using 600 20 mm i.d., 16 mm JAIGEL 2H column (Japan Analytical Industry Co., Ltd., Tokyo, Japan) with RI-5 detector (Japan Analytical Industry Co., Ltd., Tokyo, Japan) and CHCl 3 as an eluting solvent at the flow rate of 3.8 mL/min.
2
The spiny lobster, P. japonicus was purchased at a local fish market in November in Mie Prefecture.
3
The total carotenoid content and the amount of carotenoids eluted from column chromatography were calculated using the extinction coefficient of E cm 1% =2100 at l max (470 nm) 6) . In the HPLC analysis, the relative amounts of individual carotenoids were calculated from the peak area detected at 470 nm.
4
The carapace of P. japonicus (300 g, 2 specimens) was extracted with acetone (Me 2 CO) at room temperature. The Me 2 CO extract was partitioned between Et 2 O/n-hexane (1:1, v/v) and aqueous NaCl. The organic layer was dried over Na 2 SO 4 and then concentrated to dryness. The residue was subjected to silica gel column chromatography using n-hexane, Et 2 O and Me 2 CO as solvents. The fraction eluted with n-hexane contained b-carotene ( ). The fraction eluted with Et 2 O/n-hexane (1:4, v/v) was submitted to GPC on JAIGEL 2H with CHCl 3 as an eluting solvent in order to remove the lipid contaminants from carotenoid.
The carotenoid fraction obtained from GPC was further separated by HPLC on ODS (LiChrospher RP-18) with CH 3 CN/CHCl 3 (7:3, v/v) to afforded astaxanthin diester ( ) adonixanthin diester ( ), pectenolone diester ( ), and echinenone ( ). The fraction eluted with Et 2 O was submitted to GPC on JAIGEL 2H with CHCl 3 to remove of lipids from carotenoid. Then the carotenoid fraction obtained from GPC was further separated by HPLC on ODS with CH 3 CN/CHCl 3 (8:2, v/v) to afforded astaxanthin monoester ( ), adonixanthin monoester ( ), pectenolone monoester ( ), canthaxanthin ( ), 2,3-didehydrocanthaxanthin ( ), and adonirubin ( ). The fraction eluted with Et 2 O/Me 2 CO (1:1, v/v) from the silica gel column was further separated by HPLC on ODS with CH 3 CN:CHCl 3 (9:1, v/v) to afford astaxanthin ( ), adonixanthin ( ), pectenolone ( ), zeaxanthin ( ), alloxanthin ( ), and diatoxanthin ( ). Separation of optical isomers in adonirubin and astaxanthin were carried out on a chiral phase HPLC using Sumichiral OA-2000 with n-hexane/CHCl 3 -ehanol (48:16:0.8, v/v) 7) .
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J. Oleo Sci. 57, (3) 145-152 (2008) 6 .66 (2H, dd, J=15.5, 11.5 Hz, H-11, 11'), 6.67 (2H, m, H-15, 15'). Chiral resolution revealed that astaxanthin was consisted with 3R,3'R, meso, and 3S, 3S optical isomer at the ratio of (22:20:58).
Carotenoid Esters in Spiny Lobster Panulirus japonicus
:
UV-VIS: 470 nm (Et 2 O). FAB-MS: m/z 596 [M]
+ . 1 H-NMR Chemical shift and spin coupling values were in agreement with previously published value 8) . Chiral resolution revealed that astaxanthin was consisted with 3R,3'R, meso, and 3S, 3S optical isomer at the ratio of (25:22:53).
: 
RESULTS AND DISCUSSION
1
The carotenoid content and composition in the carapace of spiny lobsters are shown in . Astaxanthin ( ) and their esters ( and ) were found to be major components. A series of keto carotenoids, adonixanthin ( ), adonirubin ( ), camthaxanthin ( ), echinenone ( ), and pectinolone ( ) were also identified. Adonixanthin and pectenolone were present in both free and esterified forms. As in other crustaceans 7, 10) , astaxanthin in both free and esterified forms was consisted of 3R, 3'R, meso, and 3S, 3'S optical isomers at an approximate ratio of 2:2:6. Furthermore, adonirubin consisted of 3R and 3S optical isomers at an approximate ratio of 3:7. b-Carotene ( ), zeaxanthin ( ), alloxanthin ( ), and diatoxanthin ( ) were also identified. Finally, unknown carotenoid, , was isolated as a minor component. , H-3) . The spectral data were consistent with the structure of 2,3-didehydrocanthaxanthin (2,3-didehydro-b,b-carotene-4,4'-dione). 2,3-Didehydrocanthaxanthin ( ) was first reported as a dehydroxylation product of 2-hydroxycanthaxanthin, isolated from the zooplankton Daphinia magna (Crustacean) with alkaline medium 11) . However, it has not yet been reported as a natural product 12) . Therefore, this is the first report of the isolation and characterization of 2,3-didehydrocanthaxanthin ( ) from nature. H-NMR can be used to distinguish between polyunsaturated fatty acids (PUFA), mono unsaturated fatty acids, and saturated fatty acids 13) . FAB-MS revealed the molecular ions [M + ] of individual carotenoid esters. Therefore, the individual esterified fatty acid was assigned from numbers of carbons and double bonds in the fatty acid moiety calculated from the difference of mass number between the individual carotenoid and carotenoid ester.
Astaxanthin monoester ( ) showed molecular ion peaks at m/z 906, 882, 880, 862, 860, 848, 834, 832, 806, and 778 which were assigned to astaxanthin docosahexaenate (ast-C22:6), eicosatetraenate (ast-C20:4), eicosapentaenate (ast-C20:5), octadecanoate (ast-C18:0), octadecenoate (ast-C18:1), heptadecanoate (ast-C17:0), hexadecanoate (ast-C16:0), hexadecenoate (ast-C16:1), tetradecanoate (ast-C14:0), and dodecanoate (ast-C12:0) respectively as shown in . Eleven molecular ion peaks were observed in the astaxanthin diester fraction ( ) by FAB-MS. Individual fatty acid esters were also identified from the difference of mass number between astaxanthin diester and astaxanthin and by considering the constitution of fatty acids esterified with astaxanthin monoesters. For example, an astaxanthin diester having a molecular weight of 1216, consisting of two fatty acids with a total of 44 carbons and 12 double bonds, was compatible in structure with astaxanthin didocosahexaenate (ast-C22:6/C22:6). Similarly, astaxanthin diesters with molecular ion peaks at m/z 1190, 1164, 1126, and 1120 were assigned as astaxanthin docosahexaneyl eicosapentanate (ast-C22:6/C22:5), di-eicosapentaenate (ast-C20:5/C205), octadecanoyl octadecenoate (ast-C18:0/C18:1), and eicosapentaeneyl hexadecanoate (ast-C20:5/C16:0), respectively. However, more than two possible structures could be postulated for astaxanthin diesters with molecular ion peaks at m/z 1146, 1098, 1072, 1044, 1042, and 1016 as shown in . For example, the astaxanthin diester having a molecular weight of 1098, consisting of two fatty acids with a total of 34 carbons and one double bond, was compatible in structure with astaxanthin octadecanoyl hexadecenoate (ast-C18:0/C16:1) and/or octadecenoyl hexadecanoate (ast-C18:1/C16:0). The composition of individual astaxanthin esters was estimated from the intensity of corresponding molecular peaks. The composition of individual astaxanthin diesters expressed as a percentage of the total fraction of astaxanthin esters is shown in .
3 4 7 7 Adonixanthin has an asymmetrical structure and bears two secondary hydroxy groups located at C-3 and C-3'. Thus two possible structures of adonixanthin monoesters, i.e., adonixanthin 3-ester and adonixanthin 3'-ester, could be considered. In the 1 H-NMR spectrum of the adonixanthin monoester ( ), the H-3' signal (d5.06) showed a remarkable downfield shift of 1.06 ppm relative to the corresponding signal of adonixanthin 8) . On the other hand, the H-3 signal showed the same chemical shift (d 4.32) as that of adonixanthin 8) . This clearly indicated that the hydroxy group at C-3' was acylated while that at C-3 existed in the free form. Therefore, the structure of was determined to be adonixanthin 3'-ester. Meanwhile, adonixanthin 3-ester was not found in the carapace of P. japonicus. FAB-MS showed molecular ion peaks at m/z 892, 868, 866, 848, 846, 834, 820, 818, 792, and 764 which were assigned to C22:6, C20:4, C20:5, C18:0, C18:1, C17:0, C16:0, C16:1, C14:0, and C12:0 esters of adonixanthin, respectively as shown in . FAB-MS showed thirteen molecular ion peaks of adonixanthin diesters ( ). The assignments of fatty acid esters of adonixanthin diester are shown in .
3 5 8 8 Pectenolone also has an asymmetrical structure and bears two secondary hydroxy groups at C-3 and C-3'. As for the adonixanthin monoester, the acylated position of the hydroxy group in the pectenolone monoester ( ) was determined to be H-3' by 1 H-NMR of oxymethin signals (H-3: d 4.32 and H-3': d5.06). Pectenolone 3-ester was not found in the carapace of P. japonicus. The C22:6, C20:4, C20:5, C18:0, C18:1, C17:0, C16:0, C16:1, C14:0, and C12:0 esters of pectinolone were identified from the FAB-MS data as shown in . Pectenolone diesters were also characterized by using 1 H NMR and FAB MS data as shown in . From the structures of adonixanthin and pectenolone monoester, the following assumptions could be considered. The acylation of adonixanthin and pectenolone in P. japon-
